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Abstract: A subset of endometrial endometrioid carcinomas
(EECs) with low-grade histology recur with poor outcomes.
Published evidence suggests that poor outcomes may be asso-
ciated with loss of expression of ER-alpha (ER-α) as well as with
β-Catenin-1 (CTNNB1) and Kirsten rat sarcoma viral oncogene
homolog (KRAS) mutations. This study reports on institutional
experience with the incidence of recurrence in low-grade EEC
and their association with CTNNB1 and KRAS mutations as
well as estrogen/progesterone receptor (ER/PR) expression.
Forty-eight (8.5%) out of 568 cases of low-grade EEC with
biopsy-proven recurrence were identified; and were analyzed by
immunohistochemistry for ER, PR, p53, MMR protein, and
mutation analysis for exon 3 of the CTNNB1 and exon 2 of
KRAS in relation to recurrence type, local or distant metastasis/
recurrence. Twenty-three patients (4%) developed local, and 25
patients (4.4%) developed distant metastases/recurrence. De-
creased expression or loss of ER/PR was found in 17/44 (38.6%)
patients with recurrence. Eighty-four percent of patients with
low-grade EEC and local recurrence had CTNNB1 mutations.
Seventy-three percent of patients with distant metastasis/
recurrence had KRAS mutations. The association of these
mutations with the type of recurrence was statistically significant

for both. Five cases with the morphology of low-grade EEC were
reclassified as mesonephric-like carcinoma and were universally
characterized by distant metastasis/recurrence, loss of ER/PR
expression, large tumor size, absence of CTNNB1mutations, and
the presence of KRAS mutations. In low-grade EEC, CTNNB1
and KRAS mutations are associated with local recurrence and
distant metastasis/recurrence, respectively, suggesting that these
2 different progression types may be conditioned by tumor
genotype. ER/PR immunohistochemistry may be helpful in
identifying poor performers in low-grade EEC. Furthermore,
identification of the decreased expression or loss of ER/PR in
tumors with low-grade histology should prompt consideration of
mesonephric-like carcinoma, which is a more aggressive tumor
than the low-grade EEC. KRAS mutations were associated
with distant metastasis/recurrence in tumors with and without
mesonephric-like phenotype.
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There are more than 800,000 cases of endometrial car-
cinoma (EC) annually in North America, and the in-

cidence is increasing.1 Disease recurrence, either local
recurrence (LR) or distant metastasis (DM), occurs in ~15%
of the patients diagnosed with endometrial endometrioid
carcinoma (EEC) and those with non-endometrioid
histology.2–4 Within the EEC group, tumors with low-grade
histology (low-grade EEC) are associated with better
prognostic outcomes than those with non-endometrioid
histology. However, ~5% to 10% of patients with low-grade
EEC will have either LR or DM.5–7

Endometrial endometrioid carcinoma (EEC) usually
occurs in obese women, estrogen-driven and it is mostly
positive for estrogen receptors (ER) and progesterone re-
ceptors (PR). Approximately 18% to 20% of EC are ER
and PR negative and are usually higher-grade tumors with
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a higher incidence of lymph node involvement, recurrence,
relatively poor prognosis, and survival.8–12 However, most
of these studies evaluated all histologic subtypes and
grades. A recent study demonstrated that loss of ER/PR
occurs in 4% of low-grade EEC, and it is an independent
risk factor for recurrence and death.13 Mesonephric-like
adenocarcinoma (MLC) is a recently described rare var-
iant of EC that has morphologic overlap with low-grade
EEC. MLC has a very high incidence of metastatic disease
and recurrence. Loss of ER/PR expression and KRAS
mutation is a common feature in MLC.14–17 This under-
recognized variant of EC may be misclassified as low-
grade EEC and recur as metastatic disease. None of the
studies have examined MLC in their ER/PR negative
cohort. Furthermore, recent studies have demonstrated a
higher prevalence of exon 3 CTNNB1 (β-catenin) muta-
tions in a subset of low-grade EEC with worse overall
survival.18–21

The main objective of the study was to determine the
incidence of local and distant metastasis/recurrence in low-
grade EEC in a single institution and to assess the status of
KRAS, exon 3 CTNNB1 mutations and ER/PR ex-
pression in low-grade EEC with recurrence. Another ob-
jective was to determine whether the decreased expression
or loss of ER/PR is helpful in the identification of MLC
that may have been misclassified as low-grade EEC in this
recurrent cohort.

MATERIALS AND METHODS

Ethics Statements
This retrospective study was approved by the bio-

medical ethics review board for the University of Sas-
katchewan.

Case Selection
Pathology reports indicating a diagnosis of EEC

were obtained from the pathology database of the Sas-
katoon Health Region from January 2007 to December
2017. In total, 656 EEC cases were identified. Eighty-eight
of these cases were either International Federation of
Gynecology and Obstetrics (FIGO) grade III EEC, clear
cell carcinoma, or had a higher stage disease, including
ovarian involvement (synchronous or metastatic), and
were excluded. A total of 568 cases were reported as FIGO
grades I and II and stages I and II. Forty-eight of the 568

low-grade EEC cases had biopsy-proven local or distant
recurrences (including locoregional/distant lymph node
metastasis) during a follow-up period of 48–156 months
(median follow-up 86 mo). All 48 cases of recurrence were
reviewed by 3 pathologists (RC, RK, and CHL). The
pathologic assessment included tumor size, grade, depth of
invasion, lymph vascular invasion (LVI), FIGO stage,
and expressions of the ER, PR, p53 protein, and MMR
protein by immunohistochemistry.

Immunohistochemistry
Immunohistochemistry (IHC) for ER, PR, p53, and

MMR (MSH-2, MSH-6, MLH-1, and PMS-2) was per-
formed on representative formalin-fixed/paraffin-embedded
whole tissue sections from the hysterectomy specimens
(Table 1). Cases with suspected mesonephric-like
carcinoma features were further characterized using IHC
for CD10, GATA-3, and TTF-1. ER and PRwere scored as
0% to 100% (continuous variable) by estimating the
percentage of positive nuclei. The intensity of the nuclear
staining was also recorded as weak, moderate, or strong.
Completely negative or cases showing weak focal staining
with a total of less than 50% cells positive were considered
as negative (high-intermediate risk).22,23 The p53, MLH-1,
MSH-2, MSH-6, PMS-2, GATA-3, CD10, TTF-1, and
CD10 expressions were assessed according to criteria
described by Kobel, Kalloger, and Pors and colleagues,
respectively.24–26 All assessments were performed by 2
pathologists independently, and discordance was reconciled
by consensus.

Gene Mutational Analysis for KRAS and CTNNB1
Before the gene mutational analysis, hematoxylin

and eosin sections were examined to identify areas en-
riched (> 70%) with tumor cells. Two 6-mm tissue cores
from these tumor-rich areas were obtained from the cor-
responding formalin-fixed/paraffin-embedded tissue
blocks. DNA was extracted using the PureLink Genomic
DNA Kit (#K1820; Invitrogen) according to the manu-
facturer’s instructions. Adequate amounts of DNA for
molecular analyses were available for 41 study cohort
cases (LR, 19; DM, 22). KRAS (exon 2) and CTNNB1
(exon 3) were amplified using the PCR Master Mix (cat#
K0171; Thermo Scientific, Ottawa, Ontario, Canada) and
the following primers27,28 in a 50-µL polymerase chain

TABLE 1. Immunohistochemistry Protocols on Dako Autostainer Link 48 With EnVision Flex Detection System
Primary antibody Clone (source) Dilution Antigen retrieval (20 min in PT Link) Primary Ab incubation time

Estrogen Receptor (ER) EP1 (Dako/Agilent) 1/50 High-20 min 30 min
Progesterone Receptor (PR) 16 (Leica/Novocastra) 1/200 High-20 min 30 min
P53 DO-7 (Dako/Agilent) Prediluted 50/50 High-20 min 30 min+15 min Linker
MLH-1 ES05 (Dako) 1/80 High-20 min 30 min+15 min Linker
MSH-2 FE11 (Dako) 1/40 High-20 min 30 min+15 min Linker
MSH-6 EP49 (Dako) 1/100 High-20 min 30 min
PMS-2 EP51 (Dako) 1/20 High-20 min 30 min
CD10 56C6 (Dako) Prediluted High-20 min 30 min
GATA-3 L50-823 (Cell Marque) 1/250 High-20 min 30 min
TTF-1 SPT 24 (Leica) 1/25 High-20 min 30 min
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reaction (PCR) solution according to the manufacturer’s
protocol.

CTNNB1, exon 3
F: 5’-ATTTGATGGAGTTGGACATGGC-3’
R: 5’-CCAGCTACTTGTTCTTGAGTGAAG-3’

KRAS, codons 12 and exon 2
F: 5’-TAAGGCCTGCTGAAAATGACTG-3’
R: 5’-TGGTCCTGCACCAGTAATATGC-3’
PCR amplicons were separated by gel electro-

phoresis, followed by extraction and purification using the
QIAquick PCR & Gel Cleanup Kit (Qiagen, Hilden,
Germany), according to the manufacturer’s protocol.
Purified DNA (up to 10 µg) was subsequently used for
Sanger sequencing (Applied Genomics Core and Molec-
ular Biology Facility; University of Alberta), and data
were analyzed using BioEdit Sequence Alignment Editor,
version 7.2.5. For KRAS and CTNNB1 mutations, a
threshold of ≥ 25% was used to assess the presence/ab-
sence of point mutations.

Statistical Analysis
The statistical significance of all differences was as-

sessed using the Fisher exact test. Statistical significance
was set at P< .05.

RESULTS

Clinical Pathologic Features of 48 Cases With
Local Recurrence or Distant Metastasis

From the cohort of 656 EEC cases, 86.58%
(N= 568) were classified as low-grade (grade I/II) tumors,
while the remainder (n= 88) were high-grade/high-stage.
Of those with low-grade EEC, 48 (8.5%) patients devel-
oped biopsy-proven recurrence during the median follow-
up of 86 months, with 23 (4.0%) considered LR and 25
(4.4%) DM (including lymph node involvement). LR cases
spread to the vaginal vault, mesentery, bowel, bladder, or
abdominal wall. The first site of distant metastasis was
also recorded. Distant sites included the lungs (n= 12),
liver (n= 4), brain (n= 2), bone (n= 2), and lymph nodes
(n= 5) (axillary and supraclavicular lymph nodes, n= 3;
para-aortic lymph nodes, n= 2). The mean time for local
recurrence was 38.2 months (median 12 mo). The mean
time for distant recurrence was 33.3 months (median
18 mo).

The clinicopathological data for these 48 patients is
summarized in Table 2. The patients in the LR group were
significantly younger than those in the DM group (median
age, 59 (range 35 to 69 y) vs. 66 y (range 50 to 94 y),
P= 0.04). No significant differences were found between
the 2 groups in terms of the mean BMI, tumor size, FIGO
grade, depth of invasion, FIGO stage, procedure type,
lymph vascular space invasion, ER/PR, and MMR
protein loss status. Expression of MMR proteins,
including MSH-2, MSH-6, MLH-1, and PMS-2,
detected by IHC, showed evidence of abnormalities in 8
of 48 (16.7%) cases. Six of these 8 cases showed loss of

MLH-1 expression due to hypermethylation of the
promoter, and the other cases had germline mutations in
the MSH-6 and MSH-2 genes. No sub-clonal loss of
MMR protein expression was observed.

Estrogen and Progesterone Receptor Expression
In total, 27/44 study cohort cases showed diffuse,

strong nuclear staining with ER and PR assays (> 70%–
90% of nuclei; Fig. 1), whereas 17/44 (38.64%) study
cohort cases were negative for ER and PR (Table 3). Of
these cases, ten were completely negative for ER/PR. Of
the remaining 7 cases: 3 showed weak 50% nuclear
staining for ER, and 30% for PR, 2 of these cases were
MMRd (mismatch repair deficient). Three cases showed
weak nuclear staining in 20% to 25% of tumor cells for ER
and PR, and 1 of these was MMRd. Only 1 of the cases
showed 20% nuclear staining for ER and was negative
for PR.

Mesonephric-like Carcinoma (MLC)
Since loss of ER/PR expression has been reported to

be a common feature of mesonephric-like carcinoma, we
assessed a panel of immunohistochemical markers (TTF-
1, GATA-3, and CD10) in all ER/PR negative cases. Five
cases were positive for 2 or all 3 IHC markers. Three cases
were diffusely and strongly positive for TTF-1, 3 showed
variable positivity for GATA-3, and 3 showed focal apical
and luminal CD10 expression (Fig. 2). The remaining
samples were negative for CD10, GATA-3, and TTF-1. In
accordance with the diagnostic criteria described in a 2016
publication,14 upon review of histology and IHC results,
we reclassified 5 cases as MLC. On histology alone, we
correctly identified only 2 cases that had the predominant
tubular pattern (Case 2 and 3; Fig. 2). These tubules were
lined by cuboidal-columnar cells that carried round-oval,
medium-sized vesicular nuclei with occasional grooves
and intranuclear inclusions. Other 3 cases showed a

TABLE 2. Low-grade EEC: Patients’ and Tumor Characteristics
and Comparison of the Local Recurrence and Distant
Metastasis Groups With Respect to Clinical, and Pathologic
Characteristics

Patient characteristics
Local recurrence
(n= 23), n (%)

Distant metastasis
(n= 25), n (%) P

Mean age > 60 y 16 (70) 10 (40) 0.04
Mean BMI > 30 kg/m2 14 (61) 12 (40) 0.37
Type of procedure
1) abdominal

hysterectomy
14 (61) 13 (52) 0.55

2) total laparoscopic
hysterectomy

9 (39) 12 (48) 0.76

Tumor size ≥ 4 cm 11 (48) 18 (72) 0.09
Depth of invasion (> 50%
myometrial invasion)

14 (61) 14 (56) 0.73

FIGO stage (mean) 1.4 1.8 0.16
Lymphovascular invasion 7 (30) 13 (52) 0.13
MMR deletion 5 (22) 3 (12) 0.37
Time to recurrence at 1 y 11 (48) 12 (48) 0.99

BMI indicates body mass index; FIGO, International Federation of Gynecol-
ogy and Obstetrics; MMR, mismatch repair; NS, not significant.
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predominately glandular (endometrioid) pattern. These
glands were lined by columnar cells with nuclear pseudo-
stratification, which likely prompted to label these tumors
as low-grade EEC. In some sections, a mixture of
histologic patterns, including tubules with focal dense
eosinophilic secretions, glandular patterns, papillae, and
focal solid nests, were noted. Considering these findings,
we reviewed the histology of all cases in our study cohort
and performed additional IHC, and no additional MLC-
like cases were identified. All 5 cases of mesonephric-like
carcinoma were found in the group with distant
metastases and accounted for 20% of cases in this group.
These cases had large tumor size (5/5, > 4.0 cm) and
frequent LVI (4/5). These clinical features are consistent
with the results of 2 previous studies that focused on the
characterization of MLC.15,16

Correlation Between KRAS and CTNNB1
Mutations With the Pattern of Recurrences

Twenty-three of 41 cases (56.1%) harbored muta-
tions in exon 3 of CTNNB1, with the frequency being
significantly higher in the LR group than in the DM group

(16/19, 84.2% vs. 7/22, 31.8%, P= 0.0013). 20 (48.8%) had
KRAS mutations in exon 2, with the frequency being
significantly higher in the DM group than in the LR group
(16/22, 72.7% vs. 4/19, 21.1%, P= 0.0016) (Table 3). The
frequency of KRAS mutation in low-grade EEC after
excluding MLC cases was 65%. Furthermore, 8 cases (LR,
4; DM, 4) had both KRAS and CTNNB1 mutations, of
which 3 were MMRd.

DISCUSSION
The incidence of recurrences in our cohort of low-

grade EEC was 7.63% (43/563) after excluding 5 cases of
MLC, and this frequency was comparable to those in
other published studies (2.6%–14.2%).3–5 Similarly, the
finding that the tumor size (≥ 4 cm) and the presence of
LVI were significantly correlated with disease recurrence
in low-grade EEC are also congruent with previously
published studies.29–31

The lack of strong and uniform ER/PR expression in
EC has been previously described, with frequency ranging
from 7% to 21% of EC (endometrioid and non-endometrioid

TABLE 3. Comparison of the Local Recurrence and Distant Metastasis Groups with Respect to ER/PR, KRAS, and CTNNB1Mutations
Patient characteristics Local recurrence (n= 23), n (%) Distant metastasis (n= 25), n (%) P

Loss of ER and/or PR expression 7/23 (30) 10/25 (40) 0.19
CTNNB1 mutation 16/19 (84) 7/22 (32) 0.0013
KRAS mutation 4/19 (21) 16/22 (73) 0.0016

FIGURE 1. Summary of the relationship between KRAS and CTNNB1 mutations, ER/PR protein expression, and clinical pathologic
characteristics of low-grade endometrial endometrioid carcinoma with local and distant recurrences. Each column represents a
patient. All 5 mesonephric-like carcinomas are grouped at the far right.
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histology).8–11,32–38 Frequencies of loss of ER/PR expression
vary from 3.8% to 7%, where all grades of EEC were
included.11,13,33 Incidence of loss of ER/PR, specifically in
low-grade recurrent EEC, is not known. Specifically, when
the loss of ER/PR expression in low-grade EEC was less
than 4%, the percentage of cases that recur is not reported in
the literature to date. We identified this phenotype in 12/39
(30%) recurrent low-grade EEC after excluding five MLC
cases. Our data suggest that decreased expression or loss of
ER/PR by immunohistochemistry may serve as a useful
prognostic biomarker to identify low-grade EEC that may
recur locally or have distant metastasis. It has been shown
that the lack of ER/PR expression in EC as well as in EEC
correlates significantly with poor clinical outcomes.8,11,33,39

Recently, it was proposed that immunodetection of ER/PR
can be used to select patients with EC for lymph node
sampling,9,11,22,32,34 results reported in this manuscript
concurred with the observations that decreased expression
or loss of ER/PR was very important to identify ~30% of
low-grade EEC with poor prognosis. Another significant
observation of this study was that using a higher cut-off
value, the sensitivity of ER/PR negative tumors can be im-
proved.

The 1% and 10% cut-off values for ER/PR nuclear
staining used in earlier studies were similar to ASCO/CAP
guidelines for breast cancer.40 ER/PR status in breast
cancer is a predictive marker, and it has been established
at a level that provides benefit to patients treated with
endocrine therapy. Hormone therapy is also used in pal-
liative settings for recurrent EEC with a similar cut-off
value for ER/PR nuclear staining of > 1% as in breast
cancer. The cut-off value of ER/PR positivity for its as-
sociation with EEC is very important for its use as a
prognostic and predictive marker. Two recent studies
demonstrated a significant association between a higher

cut-off value for ER/PR positivity in EEC.22,23 Wein-
berger et al22 suggested that optimal cut-off values to
distinguish between low-risk and high-risk tumors for ER
and PR were > 78% and > 88%, respectively. Recently,
van Weelden et al41 reported a cut-off value of > 50% for
ER/PR positivity for a higher response rate (50%) and
optimal clinical benefit rate (75%) with hormone therapy
in EEC, suggesting that tumors that show strong diffuse
expression of ER and PR are biologically different than
those that express ER and PR at a much lower level and
heterogeneously. In our study, we have also noticed a bi-
modal type of expression of ER and PR and have used a
more conservative cut-off value of 50% to designate cases
as positive or negative. Large, prospective, multicenter
studies on properly fixed prebiopsy/posthysterectomy
specimens are needed to determine the optimal cut-off
value that best segregates patients for prognostic and
predictive purposes for ER/PR in EEC. However, for di-
agnostic purposes, our results suggest that the cut-off of
50% is useful as 2 of the 5 cases of MLC tumors also
showed weak focal expression of ER/PR. Our results
demonstrated that using this simple approach, we may
identify poor performer low-grade EEC as well as MLC-
like cases with overlapping morphology with low-grade
EEC that may have been otherwise missed.

The molecular mechanisms underlying the down-
regulation of ER/PR expression in EEC are unclear. ER/
PR negative EECs often express markers of epithelial-
mesenchymal transition, including SNAIL1, SNAIL2,
TWIST1, ZEB1, ZEB2, and sonic hedgehog, as well as
markers of the tumor growth factor-β pathway, all of
which promote motility, invasiveness, and metastatic
potential.12,42 Recently, Terakawa et al43 found that es-
tradiol effectively repressed the clonal expansion of pre-
neoplastic epithelial cells and their malignant progression

FIGURE 2. Histopathology and IHC findings in 5 cases of mesonephric-like carcinoma. Cases 1–3 and 5: Negative for ER and PR.
Case 4: Focal positivity (<50%) for ER and PR. TTF-1: Diffuse and strong nuclear staining in cases 1, 2, 5, and lack of expression in
cases 3 and 4. GATA-3: Weak to strong nuclear staining in cases 1, 2, 3, and 5, and lack of expression in case 4. CD10: Focal apical
and luminal staining in cases 2–5, and lack of expression in case 1. ER indicates estrogen receptor; PR, progesterone receptor.
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in a mouse model. This concept has been further sup-
ported by observations that microcystic elongated and
fragmented foci in EEC show reduced expression of ER/
PR, suggesting an association between decreased ER/PR
expression, LVI, and lymph node metastasis.44 Fur-
thermore, KRAS mutations are more prevalent in EEC
with the microcystic elongated and fragmented pattern,
suggesting a possible association between KRAS muta-
tions, loss of ER/PR expression, epithelial-mesenchymal
transition, and lymph node metastasis.45,46

A review of the mutational status of CTNNB1 and
KRAS in our study cohort of low-grade EEC confirmed
that they do show a reciprocal trend, similar to what has
been described for all EC.47 In the literature, mutations in
exon 3 of the CTNNB1 gene occur in 13% to 44% of
EECs18–20; and at a higher rate (60-87%) in low-grade
EEC with a worse clinical outcome.18–20,48–50 Our study
also demonstrated a strong association between the mu-
tations in CTNNB1 and KRAS with the type of re-
currence. CTNNB1 mutations were associated with LR
and KRAS mutations with DM. The dual mutations in
some cases with MMRd could potentially represent pas-
senger events.

Mutations in exon 3 of CTNNB1 promote the
stabilization of β-catenin proteins, leading to its subsequent
nuclear translocation and increased transcriptional activa-
tion of a host of target genes, including MYC, MMP7, and
CCND1.51 The reason why mutations in CTNNB1 promote
LR as opposed to DM requires further studies. Nonetheless,
the finding that CTNNB1-mutated tumors did not always
show increased nuclear expression of β-Catenin-120 could
suggest that the defect associated with these mutations may
possibly involve the cell adhesion functions of β-catenin-1,
which may facilitate the trans-tubal migration of neoplastic
cells for LR. This is supported by previous studies that also
found a higher prevalence of CTNNB1mutations in ovarian
endometriosis-associated endometrioid carcinoma.52–55

Previous studies have shown that KRAS mutations
correlated with lymph node metastasis and short survival
in patients with EC,56,57 whereas Caduff et al58 found
no association with clinical pathologic parameters or
survival. Although none of our cases showed mucinous
differentiation, KRAS mutations are also prevalent in
mucinous carcinoma of the endometrium (71.4-86%) and
complex papillary mucinous lesions of the endometrium.59

A few studies suggest that pure mucinous, endometrioid
carcinoma is frequently associated with poor prognostic
factors, including deep myometrial invasion and lymph
node metastasis.60,61 We provide additional evidence that
KRAS mutations are associated with DM in patients with
low-grade EEC as well as in MLC. Recently, Lac et al62

provided evidence that KRAS mutations existed in histo-
logically normal endometrium and that the prevalence of
this genetic abnormality increased with aging. These
findings suggest that it is difficult to implicate KRAS
mutations as a more direct pathway to DM but rather
point to a likelihood of a multi-step process that possibly
includes the deregulation of 1 or more downstream targets
of the KRAS signaling pathway. The molecular basis for a

strong association between KRAS mutations and DM in
low-grade EEC requires further investigation.

Our findings also suggest that MLC, having sub-
stantial morphologic overlap with low-grade EEC, could
be underdiagnosed. As such, all cases of MLC in our study
were initially diagnosed as low-grade EEC. Our results
highlight that no expression or very low expression of ER/
PR in low-grade EEC should trigger suspicion of an in-
vestigation for MLC.

A major limitation of the study is that it is a
retrospective, single-institution study of biopsy-proven,
recurrent low-grade, low-stage EEC and therefore has a
small sample size. Some cases that were lost to follow-up or
did not have a biopsy of recurrent disease could have been
missed. The molecular classification is incomplete as POLE
mutation analysis was not performed on these cases. The
50% cut-off for ER/PR positivity was based on the cut-off
value that clearly differentiated strongly positive and
weakly/focally positive cases of recurrent EEC. The sig-
nificance of focal expression of ER/PR in low-grade EEC is
not known. The study demonstrated the association be-
tween decreased expression of ER/PR and recurrence.
Keeping in mind that about 5% to 10% of low-grade EEC
recur, the results suggest that almost all low-grade EEC that
show loss of ER/PR will recur. Therefore, decreased ex-
pression and/or complete loss of ER/PR are very important
to characterize in low-grade EEC to diagnose their proba-
bility to recur. Future, large multi-institutional studies are
required to determine the optimal cut-off point for ER/PR
for prognostic and predictive purposes.

In summary, the study showed a strong association
of CTNNB1 And KRAS mutations with LR and DM,
respectively, thus linking genotype to the type of re-
currence. The demonstrated reciprocal relationship be-
tween KRAS and CTNNB1 mutations may suggest the
existence of 2 independent pathways of tumor initiation
and progression in low-grade EEC. In low-grade EEC, the
bimodal ER/PR expression pattern supports it as a prog-
nostic marker to identify low-grade EEC that are likely to
recur. Identification of ER/PR low/negative tumors should
also prompt consideration of the MCL subtype, which has
a high risk of disease recurrence.
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